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ADAPTATION OF INFLUENZA VIRUS TO MICE. I. GENETIC
AND ENVIRONMENTAL FACTORS AFFECTING AN
A PRIME STRAIN OF INFLUENZA VIRUS*t
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Although a number of important studies have recently unravelled some
of the mystery associated with the process of adaptation of influenza virus
to mice and hamsters, little is known concerning the factors which are
operating to promote or to delay the acquisition of pathogenicity.§X 7`
After four or five serial passages in mice, most Type A strains become
lethal, causing extensive pulmonary consolidation.! Most of the data on
Type A prime strains consist of a comparison of the growth curves of
mouse-adapted and mouse-unadapted lines.8' 1' In general Type B strains
of influenza virus have proven difficult to adapt to mice, although the
addition of certain adjuvants of bacterial and non-bacterial origin to the
virus preparations appears to promote the acquisition of pathogenicity.' To
date, no comparable studies on Type C strains have been published.
The SEEREY Type A prime strain was found to multiply readily in murine
lungs in the majority of instances. Even after more than 15 serial passages
in mice, however, it failed to become lethal or to cause extensive pulmonary
consolidation. In view of these properties the SEEREY strain was selected for
more extensive studies designed to ascertain the factors which might operate
to hasten or to retard the process of adaptation. The present paper is con-
cerned with the influence of the genetic background of the mice, and the
environmental temperature at which they are kept, on the development of
the pathogenic property of the virus.
MATERIALS AND METHODS
Virus. The SEEREY strain of Type A prime influenza virus was obtained from
Dr. Robert H. Green who isolated it in New Haven in 1947. A mouse-passage line
(SEEREY E6M11-12) passaged 6 times in eggs and 11 or 12 times in mice, and an egg
line (SEEREY E9-10) passaged 9 or 10 times in eggs, were employed. The mouse
passages occurred in a heterogenetic strain of albino mice which had been maintained
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Received for publication March 6, 1953.YALE JOURNAL OF BIOLOGY AND MEDICINE
in the Department of Microbiology at Yale University for a number of years. These
mouse and egg lines produced neither pulmonary consolidation nor death in mice at
the time the investigation was initiated. However, important differences in the behavior
of the mouse and the egg lines were noted in the studies herein reported.
The Melbourne (MEL-M) strain of Type A influenza virus was obtained from
Dr. F. M. Burnet who isolated it in 1935. It had numerous passages in mice. Suspen-
sions of mouse lungs infected with the virus were lethal in dilutions of 10'.
Virus suspensions used for passage. The lungs of infected mice were removed four
days after inoculation and ground in a mortar with sterile alundum. Lung suspensions
were prepared by the addition of 1 ml. of saline per set of lungs. The lung suspensions
were centrifuged at 1500 rpm. for five minutes and the resulting supernates, which
represented the stock suspensions of the viruses, were considered to be undiluted. On
a weight basis this would be approximately a 20 per cent suspension. Infected allantoic
fluids were harvested 44 hours after inoculation and diluted ten-fold in saline. In
general, virus suspensions were used immediately after they were prepared. In several
instances they were stored under dry ice in a tightly stoppered test tube at temperatures
varying from -50° to -60' C. During the course of the investigation it became
apparent that, unlike previous experience with lung suspensions of Type A influenza
virus, under these conditions of storage there was frequently a drop in egg infectivity.
For this reason, in the recording of the data in the tables, the lung suspensions which
were stored in dry ice before they were tested for egg infectivity have been so
designated.
Titrations of egg infectivity. Serial ten-fold dilutions of virus suspensions were made
and a volume of 0.05 ml. of the desired dilution of virus was inoculated into the allan-
toic cavity of fertile chicken eggs which had been incubated at 380 C. for 10 or 11 days
prior to inoculation. Four or six eggs were used for each dilution. The inoculated eggs
were incubated at 350 C. for 44 hours before harvest. Allantoic fluid from each egg
was tested for agglutination of chicken erythrocytes by a pattern method'0 and the
50 per cent infectivity titer (EID50) was calculated.8
Mice. NIH (National Institute of Health) albino mice were obtained from a locaI
dealer. They are heterogenetic and have not been inbred. CF1 (Carworth Farms
albino with brown non-agouti background) and CFW (Carworth Farms albino agouti)
mice were obtained from Carworth Farms. They have been inbred for several
generations. All mice were used when they weighed approximately 18 to 22 grams.
Serial passage in mice. A volume of 0.05 ml. of virus suspension was inoculated into
groups of three or six lightly anesthetized mice. After four days the mice were sacri-
ficed, the lungs examined for lesions which were scored according to the method of
Horsfall.6 The lungs were then used to prepare a suspension of virus for passage.
A 1: 10 dilution of the lung suspension was used for serial passage. At periodic inter-
vals during the course of serial passage of the virus the EID60 of the inoculum was
determined. In addition mice inoculated with the lung suspensions were frequently
observed for 10 days after inoculation for pulmonary lesions and death.
Temperature. For certain experiments a temperature of 5' C. was maintained by
placing the mice in a low temperature incubator. If sufficient aeration of the low
temperature incubator was provided by means of a Model A Marco Air Pump (manu-
factured by the J. B. Maris Company of Bloomfield, New Jersey), uninoculated mice
appeared to suffer no ill effects from the low temperature. No marked alterations in
bacterial flora of the respiratory tract were observed. Normally mice were kept at
temperatures between 19' and 22' C. in an air-conditioned room.
Receptor destroying enzyme (RDE). Preparations of RDE were obtained from the
4 Z strain of V. cholerae by the inoculation of the allantoic cavity of 12-day chick
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embryos.' RDE was employed in amounts of approximately 0.1 unit titrated according
to the method of Burnet and Stone.' It was contained in a volume of 0.05 ml. and
injected intranasally under light anesthesia.
EXPERIMENTAL RESULTS
On initial inoculation of a heterogenetic strain of albino mice (Yale
University) with infected allantoic fluid containing high concentrations of
the SEEREY strain of influenza virus, pulmonary lesions were produced. In
five out of eight experiments virus persisted for 10 or more serial passages
TABLE 1
COMPARISON OF ADAPTED AND UNADAPTED STRAINS OF INFLUENZA VIRUS IN MICE
OF DIFFERENT GENETIC CONSTITUTION
Inoculum % Pulmonary
Virus log EID5o Mice consol.t Mortality:
SEEREY (M) 4.2 NIH 6 0/12
unadapted CF1 20 0/12
CFW 35 0/12
MEL-M 6.7 NIH 20 0/12
adapted CF1 50 1/12
CFW 83 5/12
EID,-the 50 per cent infectivity titer for eggs. (M)-mouse line.
t The extent of consolidation was recorded four days after inoculation of the virus.
4 The number of mice which died in four days over the number inoculated. All
deaths in this particular experiment occurred on the fourth day after the inoculation
of virus.
as determined by the infectivity of the mouse lungs for eggs. However, it
proved impossible to pass the lesions in series. Various adjuvants including
the daily intraperitoneal injection of cortisone and the intranasal instillation
of saline failed to promote adaptation of the virus to mice although the virus
persisted through 15 serial passages. These preliminary studies indicated
that serial pasage in mice at four-day intervals was more likely to permit
the continued multiplication of the virus than passage at three-day intervals.
It was also observed that serial passage employing a 101 dilution of the
lung suspension was preferable to passage in a 10 2 dilution.
The data recorded in Table 1 suggested that the strain of mice which was
used for serial passage might prove to be an important factor in the process
of adaptation. Four days after inoculation of the SEEREY strain pulmonary
lesions were more marked in CF1 and CFW mice than in NIH mice.
When the pathogenic MEL-M strain was inoculated, comparable differ-
ences were observed, and in addition the lethal effect was more marked in
the CFW mice. Furthermore, the 50 per cent egg infectivity (EID50) of
the mouse lungs infected with the SEEREY strain was more than 1 log higher
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in the CFW mice than in the NIH or CF1 mice. On the basis of these
results serial passage of the SEEREY strain in CFW and CF1 mice was
undertaken.
From the results included in Table 2 it is apparent that during the course
of serial passage in CFW mice the SEEREY virus had adapted, as determined
TABLE 2
ADAPTATION OF THE SEEREY STRAIN OF INFLUENZA VIRUS IN CFW MICE
% Pulmonary
consolt
CFW CF1
40 25
16 16
10 10
0 0
10 5
10 10
25 5
40 5
60* 5
20 5
15 15
60* 20
75 15
75* 10
90 15
25 25
30
80*
70*
log MS60
CFW CF1
>1.0 1.0
1.0 <1.0
>1.0
>3.0t
2.84:
3.0t
<1.0
MS,-the 50 per cent maximum score of the lesions.
EID,-the 50 per cent infectivity titer for eggs.
t The extent of consolidation was recorded on the fourth day following inoculation
of virus at the time when serial passage was made.
* Deaths occurred in some or all of the mice in the group.
** These preparations were stored in dry ice before infectivity titrations were
carried out in eggs.
i: The log of the 50 per cent lethal dose (LD5o) was about 1 log lower.
§ This virus previously had 12 serial mouse passages.
by the ability of the virus to produce pulmonary lesions which may be
passed in series and by its lethal effect which may be passed serially. After
the fifteenth passage in CFW mice the MS50 of the virus was 1O3, i.e.,
50 per cent of the pulmonary area was consolidated in mice inoculated with
lung suspensions which were diluted a thousand-fold. Although some mice
occasionally died when inoculated with a 103 dilution of the mouse lungs,
the dose that killed 50 per cent of the mice (LD50) was usually about 102 to
log EIDso**
CFW CF1
4.0 2.8
Passage§
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
18
27
3.5 3.5
5.5 3.6
2.7 5.3
4.7
4.9
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10-2.7. It should be noted that the SEEREY virus used to initiate these serial
passages was the mouse-passaged line which had twelve passages in Yale
University mice. Unfortunately, the supply of CF1 mice was exhausted
after fifteen serial passages and could not be replenished for several weeks.
TABLE 3
ADAPTATION OF THE SEEREY STRAIN OF INFLUENZA VIRUS IN CFW MICE
KEPT AT DIFFERENT TEMPERATURES AFTER INOCULATION
Passage§
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
15
20
23
24
% Pulmonary
consol.t
50 C. RT
20 50
10 20
30 30
25 40
40 25
50 60
75 75
85 75
85 50
75 75
75 45
70 40
90 70
45 20
90 80
85 60
85 60
90 75
70 70
90 75
Mortalityt
in 4 days
50 C. RT
0/3 0/3
0/3 0/3
0/3 0/3
0/3 0/3
3/3 0/3
0/3 0/3
1/3 0/3
0/3 0/3
1/3 0/3
3/3 1/3
2/3 0/3
1/3 0/3
3/3 1/3
1/3 0/3
3/3 2/3
3/3 1/3
3/3 1/3
3/3 1/3
3/3 2/3
3/4 2/3
Mortalityt*
in 10 days
5° C. RT
log EIDs0**
5° C. RT
5.3 5.7
8/12 3/12 6.5 4.5
6/6 5/6 6.5 6.0
4/6 5/6 7.3 5.7
5/6 5/6 5.5 5.5
EID&r-the 50 per cent infectivity titer for eggs.
RT-room temperature which varied between 190 and 22° C.
t The extent of consolidation was recorded on the fourth day following inoculation
of virus at the time when serial passage of the mouse lungs was made.
t The number of mice which died over the number inoculated.
* These mice were kept at room temperature-between 19° and 220 C.
** The 50 per cent infectivity titers were determined on the mouse lungs obtained
four days after inoculation of virus.
§ This virus previously had 12 serial mouse passages.
Although the virus persisted in the lungs of CF1 mice through 15 serial
passages, adaptation had not yet occurred. However, when the serial
passages were later continued in CF1 mice, it became apparent that the
virus had adapted in these mice after three or four additional passages. The
data indicate that in this particular instance at least adaptation occurred
more rapidly in CFW mice than in CF1 mice.
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When the effect of environmental temperature on the process of adapta-
tion of the SEEREY strain of influenza virus in CFW mice was examined,
the results suggested that temperatures of 50 C. slightly enhanced the
process of adaptation. From the data included in Table 3, however, it is
apparent that adaptation was also occurring in the mice kept at room tem-
perature. It appeared probable that if temperatures of 50 C. actually did
exert a significant effect on the process of adaptation of the virus, an experi-
ment employing the most resistant NIH mice might prove more fruitful.
Before commencing with the serial passages in the NIH mice, a few pre-
liminary experiments were undertaken to ascertain if the egg infectivity of
the mouse lungs would be higher in mice kept at 50 C. as opposed to those
maintained at room temperature. The results recorded in Table 4 show that
TABLE 4
EFFECT OF TEMPERATURE AND GENETIC BACKGROUND ON MULTIPLICATION OF THE
SEEREY STRAIN OF INFLUENZA VIRUS IN MICE
log EIDso of mouse lungs
Allantoic Inoculum 4 days after inoculation
Fluid log EIDso Temp. NIH CF1 CFW
SEEREY (E) 5.5 5 C 4.5* 2.9* 4.2*
RT <1.0* 2.0* 3.6*
SEEREY (E) 7.3 RT 2.7* 6.3*
SEEREY (M) 4.5 5 C 6.3
RT 4.3
SEEREY (M) 4.2 RT 2.8* 4.0*
EID,o-the 50 per cent infectivity titer for eggs.
RT-room temperature which varied between 19° and 220 C.
* These preparations were stored in dry ice before infectivity titrations were carried
out in eggs.
(E)-egg line. (M)-mouse line.
if NIH mice are kept at 50 C., appreciably higher concentrations of virus
are present in the mouse lungs four days after inoculation when contrasted
with NIH mice at room temperature. This finding was observed both with
the egg-passaged and the mouse-passaged line of the virus. The significance
of the higher titers of virus in the NIH mice maintained at 50 C. is not
known, but these higher concentrations of virus might be important in the
serial passage of the infected mouse lungs and in the process of adaptation
of the virus. In contrast there were no similarly marked differences in the
virus concentrations in CFW mice kept at the different temperatures. It is
apparent from the tabulated data that there is an extremely marked differ-
ence in the levels of virus multiplication in the NIH mice as contrasted with
the CFW mice. The genetic background of the mouse certainly exerts a
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marked effect on the multiplication of the SEEREY virus. An excellent exam-
ple of the effect of the genetic background of the host on virus multiplication
has been reported recently by Sabin9 in his studies of the resistance of mice
to the intracerebral injection of the 17 D strain of yellow fever virus.
The tabulated results indicate that when the serial passages of the mouse
line of the SEEREY virus are carried out in NIH mice, extensive pulmonary
consolidation is produced (Table 5). The process of adaptation is observed
to occur more rapidly in the NIH mice maintained at 50 C. than in the
TABLE 5
THE EFFECT OF TEMPERATURE ON THE SERIAL PASSAGE OF THE SEEREY STRAIN
OF INFLUENZA VIRUS IN NIH MICE
% Pulmonary
consol.t Mortality: log EIDso
Passage§ 5° C. RT 50 C. RT 50 C. RT
0 30 30 0/3 0/3
1 30 10 0/3 0/3 6.3 4.3
2 45 15 3/3 0/3
3 30 10 0/3 0/3
4 70 5 1/3 0/3 6.7 4.5
5 50 0 1/3 0/3
6 40 10 0/3 0/3
7 30 15 3/3 0/3
9 60 70 3/3 1/3 6.8 4.5
EID.-the 50 per cent infectivity titer for eggs.
RT-room temperature which varied between 190 and 22° C.
t The extent of consolidation was recorded on the fourth day following inoculation
of virus when serial passage of the mouse lungs was made.
t The number of mice which died in four days over the number of mice inoculated.
§ This virus previously had 12 serial mouse passages.
NIH mice at room temperature. An interesting difference between the mice
at 50 C. and those at room temperature is concerned with the significantly
higher concentrations of virus which are present in the lungs of the NIH
mice at 50 C. It should be noted that the infected mouse lungs were assayed
for virus on the fourth day after inoculation. Current experiments dealing
with the "growth curves" of the virus in mice at 50 C. and at room tem-
perature should provide a clue as to the meaning of this observed difference
in virus concentration.
Following the successful adaptation of the mouse line of the SEEREY virus
in CFW, CF1, and NIH mice, efforts were made to obtain adaptation of
the egg line of the SEEREY virus in CFW and NIH mice. The data included
in Table 6 show that adaptation has been observed to occur in CFW mice
but not in NIH mice. Employing the same concentration of the SEEREY
virus two separate passage series were carried out both in NIH and in398 YALE JOURNAL OF BIOLOGY AND MEDICINE
CFW mice. In CFW mice definite pulmonary consolidation was present
at the sixth passage in one series and at the eighth passage in the other
series. In contrast, in the NIH mice both passage series were negative for
virus from the third through the seventh serial passage when 10-1 dilutions
of the mouse lungs were inoculated in eggs. No further serial passages were
carried out in the NIH mice. In another experiment an egg line of the
McGuIRE strain of Type A prime influenza virus which was isolated in
New Haven in 1947 and which is antigenically indistinguishable from the
SEEREY strain has been found to adapt in CFW mice at room temperature
after eight serial passages. Studies are underway to ascertain the behavior
of this strain of virus in NIH mice.
TABLE 6
ADAPTATION OF THE EGG LINE OF THE SEEREY STRAIN OF
INFLUENZA VIRUS IN CFW MICE
% Pulmonary consol. log EIDT,
Passage* NIH CFW NIH CFW
0 <5 <5 5 5
1 <5 <5 <5 <5 2.7 2.7 5.0 6.3
2 <5 <5 <5 <5 <1.0 >1.0
3 <5 <5 <5 5 <1.0 <1.0
4 <5 <5 15 5 <1.0 <1.0 5.2 5.5
5 <5 <5 <5 15 <1.0 <1.0
6 <5** <5** <5 30 <1.0 <1.0
7 10 70f
8 35 60t
9 55 60 5.0 5.8
* Serial passage of the mouse lungs was carried out at four-day intervals.
** Serial passages in the NIH mice were not continued after this passage.
t Some mice died during these passages.
The failure of the egg line of the SEEREY virus to survive in NIH mice
has been observed repeatedly. In a group of experiments with the egg line
of the SEEREY virus, which are still in progress, the virus has persisted for
more than three serial passages in NIH mice in only one of twelve tests.
In this latter instance the virus is still present after eight serial passages,
but signs of pulmonary consolidation have never been observed. The eleven
negative tests have remained negative through seven serial passages when
they were discontinued. Other findings indicate that the egg line of the
SEEREY virus is more likely to survive on serial passage in NIH mice at
room temperature than in mice kept at 50 C. This is paradoxical in view of
the results recorded in Table 4 which indicate that four days after inocula-
tion of the SEEREY virus higher concentrations are attained in the NIH
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apparent that much future work will be required to resolve some of the
problems which have arisen during the course of the present studies.
Finally, brief mention should be made of the finding that the egg infectiv-
ity of lungs obtained from Yale University mice that received an intranasal
instillation of a small amount of RDE four days after the inoculation of the
SEEREY virus was found to be appreciably higher than was anticipated when
the mice were sacrificed seven days after receiving the virus. Serial passages
of CFW mouse lungs infected with the mouse line of the SEEREY virus were
carried out at seven-day intervals. At each passage approximately 0.1 unit
of RDE was given intranasally four days after the virus. Extensive pul-
monary consolidation was present at the third serial passage and the major-
ity of the mice died within seven days after the second passage. No conclu-
sion concerning the specific effect of RDE may be deduced from these
findings. Even without RDE, adaptation of the virus would be expected to
occur in CFW mice. Current experiments are concerned with the effect of
RDE and inactivated RDE on serial passage of the egg line of the SEEREY
virus in NIH mice at room temperature. If RDE exerts any enhancing
action on the process of adaptation of the virus, the use of the egg line of
the virus in NIH mice should permit its detection.
SUMMARY
Adaptation of the SEEREY Type A prime strain of influenza virus to mice
is influenced by the previous passage history of the virus, the genetic back-
ground of the mouse, and to some extent by the environmental temperature
at which the mice are maintained after inoculation of the virus. The un-
adapted mouse line of the virus adapts in the inbred CFW mice, the inbred
CF1 mice, and the heterogenetic NIH mice. When the environmental
temperature of the NIH and CFW mice is lowered to 50 C., adaptation of
the virus to these mice occurs more rapidly than at room temperature. Fol-
lowing serial passage of mouse lungs infected with the egg line of the
SEEREY virus, the virus becomes lethal, causing extensive pulmonary con-
solidation in CFW mice. When the egg line is passed serially in NIH
mice, the virus in most instances fails to survive for more than a few
passages and does not become adapted.
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